OBJECTIVES: Although antegrade selective cerebral perfusion (ASCP) provides good brain protection during aortic arch surgery, the issue of distal organ protection during circulatory arrest remains to be clarified. The aim of the study was to retrospectively evaluate the outcome of aortic arch surgery using ASCP at different temperatures, focusing on visceral functions (VFs).
INTRODUCTION
Antegrade selective cerebral perfusion (ASCP) provides excellent protection of the brain during aortic arch surgery [1] [2] [3] [4] [5] , and different strategies are currently in use depending on individual surgical experience [6] [7] [8] [9] [10] . Although the ideal degrees of systemic hypothermia and the optimal flow rate of cerebral perfusion are not fully established, moderate systemic hypothermia (26°C) appears to be a safe and reliable tool for brain protection [11, 12] .
However, the issue of distal organ protection with this technique remains to be clarified. The aim of the study was to retrospectively evaluate the outcome of aortic arch surgery using ASCP at different systemic temperatures in order to determine whether the degree of hypothermia has any effect on the visceral organ function.
MATERIALS AND METHODS

Patients' population and data
Between November 1996 and March 2011, 334 consecutive patients underwent elective surgery of the thoracic aorta using ASCP with hypothermic circulatory arrest (HCA) for cerebral protection. Inclusion criteria for the present study were elective surgery and absence of early postoperative low cardiac output syndrome (<48 h). The data were acquired prospectively as part of the patient pathway and were based upon the Italian Society of Cardiac Surgery's data set with some customized additions. Patients were divided into two groups based on degree of systemic hypothermia during HCA: Group A with nasopharyngeal temperature maintained at 25°C or lower and Group B with nasopharyngeal temperature higher than 25°C.
Creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and bilirubin, were examined preoperatively and postoperatively as biochemical markers of visceral dysfunction. Renal dysfunction was defined by a postoperative serum creatinine level of at least 2.0 mg/dl or an increase in creatinine to twice the baseline level. Liver dysfunction was defined as a postoperative bilirubin level greater than 2.5 mg/dl or an increase of AST and ALT values greater than twice the baseline level. Moreover, major gastrointestinal complications were defined as: cholecystitis, gastrointestinal bleeding, mesenteric ischaemia, pancreatitis, peptic ulcer, diverticulitis and liver failure. Neurological complications were classified as permanent and transient. Permanent neurological deficits were defined as new definitive neurological dysfunctions, either focal injuries (cerebral stroke or spinal cord injury) or global (coma). Transient neurological dysfunction indicated postoperative confusion, agitation, delirium, prolonged obtundation or transient Parkinsonism with negative brain computer tomography scanning and complete resolution before discharge.
Operative technique
Operations were performed through median sternotomy. Our method of antegrade selective cerebral protection and the technique of aortic replacement have been previously described [11] and can be summarized as follows. Arterial inflow was through right axillary artery or innominate artery, ascending aorta or femoral artery and venous drainage was by a single two-stage cannula introduced into the right atrium, or in few cases, into the femoral vein. Pressure monitoring was achieved by means of the right and left radial artery pressure line. Nasopharyngeal, bladder as well as skin temperatures were measured. Patient cooling avoided any gradient >3°C between nasopharyngeal and bladder temperatures. In the majority of the patients, ASCP management was performed according to Dr Kazui's protocol [3] . Cerebral perfusion was initiated at a flow rate of 10-15 ml/kg/min and adjusted to maintain the right radial arterial pressure between 40 and 70 mmHg. The temperature of the cerebral perfusate was 1-2°C less than the core temperature (24-25°C). In case of right axillary artery or innominate artery cannulation, only the left common carotid artery was cannulated, and cerebral perfusion was obtained using the systemic pump at a flow rate of 8-10 ml/kg/ min and a separate roller pump at a flow rate of 5 ml/kg/min. The innominate artery and the left subclavian artery were occluded at the time of ASCP. Blood gas management was performed according to the alpha-stat method. In case of hemiarch replacement, an open distal anastomosis was first performed, then the ASCP was stopped, the cannulae for cerebral perfusion removed from supra-aortic vessels and the systemic circulation restored and patient rewarming initiated. In case of total arch replacement, we first performed the open distal anastomosis and then the reimplantation of the left subclavian artery. After that, the proximal anastomosis was performed and the coronary blood flow restored. Once the proximal anastomosis was carried out, patient rewarming was initiated. The left carotid and the brachiocephalic trunk were then reimplanted.
Statistical analysis
Continuous data are presented as mean ± standard deviation (SD) and compared using the Student's t-test. Categorical variables are described using absolute frequencies and relative frequencies rates and compared using the χ 2 test. Multivariate regression analysis was performed to assess the potential risk factors for the occurrence of renal dysfunction associated or not to liver dysfunction and for the occurrence of isolated liver dysfunction. Results of the logistic regression model are given as the odds ratio (OR) and the 95% confidence interval (CI). A two-sided P-value of <0.05 was considered statistically significant. All analyses were performed using the SPSS 19.0 software for Window.
RESULTS
Among of the 334 patients, 30 who experienced early postoperative low cardiac output syndrome were excluded and the remaining 304 were enrolled in the study. Group A consisted of 194 patients (64%) and Group B 110 (36%).
Patient characteristics
Two hundred and twenty-one patients were male (72.7%) and the mean age was 62.13 ± 12 years. Hypertension was the most frequent risk factor, with an incidence of 76.6% (220 patients), and chronic aneurysm was the dominant pathology in 233 patients (76.6%) affected. One hundred and ten patients (36.2%) underwent previous cardiovascular operation. There were no differences in the preoperative characteristics between the two groups, except for the type of aortic disease. Patients in Group A had a higher incidence of Type A aortic dissection, while patients in Group B had a higher incidence of chronic degenerative aneurysm. Preoperative characteristics of the overall population and their distribution between groups are summarized in Table 1 .
Operative outcomes
The extension of aortic replacement did not differ statistically between the two groups, although ascending aorta and total arch replacement was more frequently performed in Group A than in Group B (37.6 vs 28.2%), and ascending aorta and hemiarch were more frequently replaced in Group B than in Group A (32.7 vs 23.7%). Operative times were longer in Group A than in Group B except for myocardial ischaemic time, as reported in Table 2 . Extension of aortic replacement, associated procedure and perfusion data in the different groups are given in Table 2 .
Postoperative outcomes
The overall in-hospital mortality was 4.6% (14 patients) without significant difference between groups. There were also no differences in the incidence of postoperative complications (Table 3) . Permanent neurological deficit occurred in 18 patients (5.9%), consisting of stroke or coma in 15 patients (4.9%) and paraplegia in 3 patients (1%). All paraplegia occurred in patients who underwent frozen elephant trunk (2 in Group A and 1 in Group B).
Permanent neurological deficit rate including only coma and stroke was 6.2% (12 patients) in Group A and 2.7% (3 patients) in Group B, and the difference was not significant (P = 0.316). Twenty-four patients (7.9%) suffered from transient neurological deficit: 19 patients (9.8%) in Group A and 5 patients (4.5%) in Group B (P = 0.103).
Visceral function and biochemical parameters
Twenty-five patients (8.2%) had isolate postoperative renal dysfunction and 41 (13.5%) had associated renal and liver dysfunction without significant differences in incidence between the two groups. Twenty-one of the 66 patients with postoperative renal dysfunction required replacement therapy: the dialysis was temporary in 19 patients (6.2%) and was definitive in only 2 patients. The incidence of dialysis in both groups was not statistically different even if it was higher in Group A than in Group B (7.2 vs 4.5%, P = 0.355).
Isolated liver dysfunction occurred in 69 patients (22.7%). The incidence was higher in Group A (25.8%) than in Group B (17.3%); however, the difference did not reach statistical significance. Major gastrointestinal complications occurred in 3 patients (1%), including 1 pancreatitis in Group A, and 1 pancreatitis and 1 cholecystitis in Group B. Mean levels of creatinine, AST, ALT and bilirubin increased significantly in the postoperative period compared with baseline values. The two groups did not differ in levels of biomarkers before and after operation except for the AST. The mean preoperative AST value was similar in both groups, and increased more significantly in Group A than in Group B in the postoperative course. Preoperative, 24 h after operation, 48 h after operation and peak values of biomarkers are summarized in Table 4 .
Multivariate analysis revealed cardiopulmonary bypass (CPB) time longer than 180 min to be the only independent risk factor of renal dysfunction with or without liver dysfunction (OR = 2.16; CI = 1.21-3.86; P = 0.010).
CPB time longer than 180 min (OR = 2.28; CI = 1.38-3.76; P < 0.001) and hypothermia higher than 25°C (OR = 0.54; CI = 0.32-0.92; P = 0.024) were the two factors found to be independently related to isolated liver dysfunction. The duration of visceral ischaemia was not found to be associated with any kind of visceral dysfunction (Table 5 and Fig. 1) .
DISCUSSION
ASCP has been demonstrated to be the best method of cerebral protection in thoracic aorta surgery; however, the ideal temperature and the optimal flow rate of cerebral perfusion are not yet fully established.
Following other clinical and experimental studies [12] [13] [14] , we demonstrated the efficacy of ASCP at moderate hypothermia (26°C) in cerebral protection [11] ; and nowadays, in clinical practice, the use of higher temperature is more widespread [7, 10, 15] .
However, concerns have grown over the effectiveness of mildto-moderate hypothermia for visceral organ protection during circulatory arrest, especially when long arch repair time is required.
The aim of our study was to assess the effectiveness of only the moderate hypothermia (26°C of nasopharyngeal temperature) in visceral organ protection during thoracic aorta surgery. For this reason, we included patients who underwent elective thoracic aorta repair and excluded patients who had early postoperative low cardiac output syndrome, because this condition affects visceral organ function.
Our results, in terms of mortality and morbidity, are comparable with those obtained in recent series [7-10, 15, 16] , although they might seem suboptimal for elective procedures: the overall in-hospital mortality was 4.6% and permanent neurological deficits rate was 5.9%. However, some important factors have to be considered: a significant number of patients had complex aortic pathologies and there was a high percentage (36.2%) of patients who had undergone previous cardiac surgery. Moreover, extended periods of CPB and ASCP, and visceral ischaemia confirm the complexity of the aortic operations.
Visceral complications after cardiac surgery using CPB are rare, with an incidence of 0.3-5.5% [17, 18] that can increase in aortic surgery. These complications are often severe and associated with a high mortality [9, 10, [16] [17] [18] . We had a high rate of visceral dysfunction with an overall liver, renal and other gastrointestinal complications rate of 44%. However, this high incidence is due to the fact that we also considered mild liver dysfunction with slight bilirubin and hepatic serum enzyme elevation as a visceral complication. This type of complication has a limited impact on the patients' prognosis. Therefore, the overall in-hospital mortality in patients who suffered from isolated liver dysfunction was 2.9% (2/ 69 patients). This was similar (P = 0.432) to patients without any postoperative visceral dysfunction (0.6%, 1/169 patients).
On the other hand, renal dysfunction, isolated or in conjunction with liver dysfunction, was more likely associated with a higher mortality; the in-hospital mortality in these patients was 16 .7% (P < 0.001).
Although the pathogenesis of visceral complications is complex and multifactorial, the major factors implicated are the absence of blood flow during circulatory arrest leading to inappropriate delivery of oxygen and nutrients and the consequent reperfusion injury. The role of each factor in the genesis of the organ damage depends mainly on the duration of the circulatory arrest and on the temperature at which the circulatory arrest occurs.
In a porcine model, Khaladj et al. [12] demonstrated that for circulatory arrest times of 60 min, mild hypothermia (30°C) is less effective in visceral organ protection than profound hypothermia (20°C). In fact, higher levels of circulating lactate as well as more evident bowel wall oedema were present in the mild hypothermic group. In another experimental study [19] , mild hypothermia at 28°C of core temperature has proved equally ineffective on visceral organ protection for ischaemic times longer than 90 min. In fact, significant injury to the abdominal viscera that occurred at 90 min of circulatory arrest and 120 min resulted in fatal ischaemic multiorgan injury. Conversely, higher temperatures may be similarly efficient in preventing visceral organ damage if the period of circulatory arrest is shorter or when, during circulatory arrest, distal perfusion is used [20] . Recently, Urbanski [7] presented 347 patients operated on using ASCP on mild hypothermia with a mean core temperature of 31.5°C (range 26-35°C). The mortality was extremely low (0.7%) as was the incidence of complications, but the mean circulatory arrest time was only 18 ± 11 min. Excellent results have also been described in 245 patients undergoing arch replacement using ASCP at a mean systemic hypothermia of 30.5°± 1.4°C [10] : the early mortality rate was 8% and the incidence of complications was comparable with that reported in the literature. However, the ischaemic visceral time was not reported, they limited to describe the duration of ASCP that was 38 min of mean with a range between 12 and 135 min.
On the other hand, cardiopulmonary bypass and hypothermia themselves influence the systemic inflammatory response and the postoperative organ damage. Qing et al. [21] conducted a study in 24 pigs randomly assigned to normothermic (37°C), mild hypothermic (28°C) and deep hypothermic CPB. They evaluated the systemic inflammatory response with blood samples and the organ damage with histological examination of tissue probes of heart, lung, liver, kidney and ileum. Total blood leucocyte count and tumor necrosis factor-α plasma levels were significantly lower, whereas IL10 levels were significantly higher in the moderate hypothermic group than in both the other groups, demonstrating a reduced inflammatory response in the moderate hypothermic group. Moreover, moderate hypothermia was associated with the lowest histological organ damage score.
According to the different prognostic impact of the various visceral complications, we performed multivariate analysis to evaluate the risk factors for renal dysfunction with or without hepatic dysfunction and for isolated hepatic dysfunction. Cardiopulmonary bypass time >180 min was the only independent risk factor of renal and hepato-renal dysfunction, while temperature was not. Instead, temperature >25°C was shown to be an independent protective factor for isolated liver dysfunction (higher levels of total bilirubin and aminotransferases). This may indicate a reduction of organ injury mediated by systemic inflammatory response in warmer temperatures, especially when surgical procedures are completed within a time period of visceral circulatory arrest not exceeding 60 min. In agreement with our results, the Hannover group demonstrated that postoperative inflammatory response tended to be lower in patients with moderate lower body circulatory arrest (26.3°± 0.9°C) than those with deep lower body circulatory arrest (23.2°± 1.2°C). Moreover, deep lower body circulatory arrest was a strong risk factor for re-exploration for bleeding [22] .
Moderate systemic hypothermia at 26°C could represent an effective compromise, guarantying a good metabolic suppression and reducing the reperfusion injury and the systemic inflammatory response.
Some limitations of our study need to be considered. First, this is an observational study and by its retrospective nature, it is only capable of revealing association between variables and outcomes. Selection bias represents another limitation owing to the choice of temperature management according to physician preferences. Moreover, the relatively limited number of patients in each group can decrease the statistical power of the analysis.
A further limitation in the study is represented by the complexity of the aortic disease that may itself be a cause of organ malperfusion and consequent dysfunction, and therefore not necessarily related to the effectiveness of the intraoperative visceral protection.
In conclusion, our results suggest that moderate systemic hypothermia at a nasopharyngeal temperature >25°C is not less effective than lower hypothermic levels in visceral organ protection. Moreover, moderate hypothermia at 26°C should be preferred for periods of visceral ischaemia less than 60 min because it may reduce systemic inflammatory response and reperfusion organ injury.
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